A 22-week fetus presented with a large left ventricular aneurysm, 24 Â 21 Â 18 mm in size, detected by abnormal four-chamber view, and severe fetal hydrops with pericardial effusion, ascites and skin edema. The aneurysm was thin-walled, hypokinetic, and had enlarged with gestational age, causing compression of the lung. Although the left ventricular function had progressively impaired as expressed by increase in Tei index, hydrops had resolved by 32 weeks of gestation, probably because of maternal digoxin therapy and successful compensation by the right ventricle, as represented by retrograde blood flow in the distal aortic arch via the patent arterial duct. Because of the significant risk of severe cardiorespiratory failure, we transported the mother to a neonatal cardiac surgical center at 38 weeks of gestation. Indeed, the baby showed severe cardiopulmonary failure after birth, showing 100% of cardiothoracic ratio on the chest X-ray film, but was saved by the successful Dor procedure, including surgical resection of the aneurysm at 10 h of life. In this case, serial echocardiographic evaluation can allow us to monitor the hemodynamics and lead to successful postnatal management. Journal of Perinatology (2013) 33, 486-489; doi:10.1038/jp.2012 Keywords: ventricular aneurysm; fetal echocardiography; Doppler echocardiography; heart failure; hydrops Congenital left ventricular aneurysm is a rare disease detected in the fetal period and may present with diverse clinical course. [1] [2] [3] Most cases of congenital left ventricular aneurysm and/or diverticulum are asymptomatic, 2,4,5 but may cause systemic embolization, heart failure, 4-9 valvular regurgitation, 1 ventricular wall rupture, 10 arrhythmia 11,12 or sudden cardiac death. 2 We describe the clinical course and hemodynamic change appreciated by fetal echocardiography in a fetus with severe form of left ventricular aneurysm causing hydrops.
Congenital left ventricular aneurysm is a rare disease detected in the fetal period and may present with diverse clinical course. [1] [2] [3] Most cases of congenital left ventricular aneurysm and/or diverticulum are asymptomatic, 2,4,5 but may cause systemic embolization, heart failure, 4-9 valvular regurgitation, 1 ventricular wall rupture, 10 arrhythmia 11, 12 or sudden cardiac death. 2 We describe the clinical course and hemodynamic change appreciated by fetal echocardiography in a fetus with severe form of left ventricular aneurysm causing hydrops.
Case
A 32-year-old woman, gravida 1 and para 1, was referred to our institution at 22 weeks of gestation (GW), because fetal echocardiography, using an Aloka SSD 6500 (Aloka, Tokyo, Japan), revealed abnormal four-chamber view and hydrops, with pericardial effusion, ascitis and skin edema. There was a large aneurysm at the left ventricular free wall with a size of 24 Â 21 Â 18 mm ( Figure 1 ) that compressed the ipsi-lateral lung with moderate mitral regurgitation on color Doppler mapping.
To monitor global cardiac function, we measured the Tei index, 13 which is defined as the sum of the iso-volumic contraction time and the iso-volumic relaxation time divided by ejection time. Practically, from the pulsed Doppler recordings, either mitral or tricuspid closing-to-opening time (a) was measured at the interval from the end to the onset of the mitral or tricuspid inflow velocity pattern. The corresponding ventricular ejection time (b) was measured from the onset to the end of the corresponding ventricular outflow velocity pattern. The Tei index was calculated as (a-b)/b. At presentation, the Tei index of the left and right ventricles of this fetus were 1.21 and 1.36, respectively, which indicated severe impairment of both ventricles. 13 In serial echocardiograms obtained every 2 weeks, the actual size of aneurysm progressively increased, but the relative aneurysm volume, expressed by aneurysm volume divided by the left ventricular diastolic volume (LVA/LV), 5 transiently decreased from 22 to 26 GW and gradually increased afterward (Figure 2a ). In parallel with the change in LVA/LV, the left ventricular Tei index transiently decreased at around 24 to 26 weeks, when the maternal oral digoxin therapy was started, and then gradually increased with GA. At 32 GW, hydrops resolved when Doppler study revealed the retrograde flow at the distal aortic arch, which indicated severely impaired left ventricular function compensated by the right ventricle, also appreciated by the discordant change in Tei index (Figure 2b ). We expected that the baby should have severe cardiorespiratory failure because of left ventricular failure and possible pulmonary hypoplasia and decided maternal transportation to the neonatal cardiac surgery center for delivery and surgery.
At 38 weeks of gestation, the male neonate was delivered by cesarean section. Indeed, the cardiothoracic ratio on the chest X-ray was 100% and his cardiorespiratory failure rapidly progressed in spite of the intensive cardiopulmonary support. The Dor procedure, 14 which involves an endoventricular circular patch for post-infarct left ventricular wall asynergy in adults, was performed at 10 h of life. In this procedure, a large aneurysmal portion (4 Â 5 cm) was resected, subendocardial circumferential pursestring suture was placed inside the left ventricle around the base of the aneurysm at the junction of scarred and normal endocardium, and a patch was then placed at this level to establish a new contour for the left ventricular cavity.
After the successful resection of the aneurysm, the left ventricle restored its function and started to pump sufficient blood to systemic circulation, with ejection fraction increasing from <10% to 53% after resection. He was discharged without any sign of congestive heart failure at 52 days of age. It has been 8 years since he had the Dor procedure and he goes to school without any symptom now.
On pathological examination of the left ventricular aneurysm, the myocardium was thin-walled, and outer part of the myocardium and the epicardium were largely replaced by fibrosis. Mural hemorrhage, hemosiderin and calcified deposits were documented. Neither evidence of neoplastic nature nor an active inflammatory process was seen.
Discussion
This case report illustrates that fetal left ventricular aneurysm can present with fetal hydrops and enlarge with gestation compromising left ventricular function. Serial echocardiographic evaluation can allow us to monitor hemodynamic change and plan appropriate postnatal management.
Owing to the rarity of congenital ventricular aneurysms and/or diverticulum, their natural history remains unclear. The prognosis of left ventricular aneurysm may vary depending on factors such as relative size in comparison to the ventricular cavity, growth on follow-up, and progression and compensation of cardiac failure.
4,5 Fetal echocardiography has made it possible to diagnose Serial hemodynamic assessment using Doppler echocardiography A Hirose et al aneurysm/diverticulum prenatally with great accuracy and to monitor hemodynamics. Table 1 shows the relevant clinical and fetal echocardiographic findings in previous cases and includes our present case. [4] [5] [6] [7] [8] [9] All but our case resulted in fetal demise or termination of their pregnancy. The size of aneurysm of our case was larger than the remaining cases and progressively increased. McElhinney 5 reported that the fetuses with poor outcome showed 1 or > in LVA/LV ratio. In our case, LVA/LV ratio was >1 throughout the pregnancy that suggested poor prognosis (Figure 2a) . With the relative enlargement of aneurysm, we expected poor prognosis of this fetus.
In addition, serial fetal echocardiograms including measurement of Tei index, 13 and color Doppler flow mapping, allowed us to monitor hemodynamic change precisely. Generally higher Tei index indicates cardiac dysfunction and fetuses with hydrops and higher Tei index >0.8 were reported to die either in prenatal or in early postnatal period. 13 In our case, Tei index of both sides of ventricles were over 1.0 at presentation of 22 GW, suggesting ominous prognosis. From 22 to 26 weeks, the Tei index decreased as the LVA/LV decreased (Figure 2 ), and we speculated that both the relative decrease in aneurysmal size and maternal digoxin treatment might lead this improvement in ventricular function. From 26 GW, both the LVA/LV ratio and the Tei index of left ventricle have increased from 0.7 to 2.0, but the Tei index of right ventricle has remained in normal range, <0.8. Substantially, the fetal hydrops resolved by 32 GW and this suggested that right ventricular function should have compensated left ventricular function with maternal digoxin administration, because color Doppler study demonstrated a retrograde flow at the distal aortic arch that is similar to hypoplastic left heart syndrome. These sequential examinations of hemodynamics and cardiac function in fetal period were very useful to determine management soon after birth. In fact, we could have saved this baby by the planned transportation and prompt operation.
The pathological findings seen in this case confirmed the diagnosis of an aneurysm, a thin myocardium and its outer part was largely replaced by fibrosis. The damage of the myocardial fibers of the aneurysm should have been considerable, with extensive transmural fibrosis and dystrophic calcifications, as found in one prenatal case early in gestation. 9 In summary, fetal echocardiography detected very rare case of giant left ventricular aneurysm with hydrops, and the right ventricle compensated the left ventricular dysfunction with resolution of fetal hydrops. The information derived from sequential fetal echocardiography is important for planning the perinatal management. Serial hemodynamic assessment using Doppler echocardiography
